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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 

3 . In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the hydrogenation approach of changing an 
acetophenone and styrene into ethylbenzene and sec-butyl BENZE, respectively, by hydrogenating the 
mixed liquor containing the acetophenone and styrene which carry out a byproduction in the process 
which carries out acidolysis of the sec-butylbenzene hydroperoxide oxidized and obtained in 
sec-butylbenzene, and obtains a phenol and a methyl ethyl ketone. The sec-butylbenzene as a raw 
material for styrene manufacture in the ethylbenzene obtained is a compound useful as a raw material 
for phenol manufacture. 
[0002] 

[Description of the Prior Art] The method of oxidizing, making sec-butylbenzene into 
sec-butylbenzene hydroperoxide, then carrying out acidolysis of this sec-butylbenzene hydroperoxide, 
and obtaining a phenol and a methyl ethyl ketone is well-known. 
[0003] 

[Problem(s) to be Solved by the Invention] However, in the above-mentioned approach, it is an 
important problem how the mixed liquor containing an acetophenone and styrene uses this 
byproduction liquid effectively by carrying out a byproduction. Namely, the technical problem which 
this invention tends to solve By hydrogenating the mixed liquor containing the acetophenone and 
styrene which carry out a byproduction in the process which carries out acidolysis of the 
sec-butylbenzene hydroperoxide oxidized and obtained in sec-butylbenzene, and obtains a phenol and a 
methyl ethyl ketone It is the approach of changing and using an acetophenone and styrene effectively 
for ethylbenzene and sec-butylbenzene, respectively. The invert ratio of an acetophenone and styrene is 
high, and the selectivity to target ethylbenzene and sec-butylbenzene is high, and loss of the phenol and 
methyl ethyl ketone which are the useful component which moreover lives together consists in the 
point of offering few hydrogenation approaches. 
[0004] 

[Means for Solving the Problem] That the above-mentioned technical problem should be solved, 
wholeheartedly, as a result of examination, this invention persons find out changing into useful 
ethylbenzene and sec-butylbenzene, and that the approach of hydrogenating under existence of the 
catalyst which contains copper and chromium for that purpose is very effective, and reach this 
invention by hydrogenating to coincidence the acetophenone and styrene which are contained in the 
above-mentioned mixed liquor. 

[0005] That is, this invention hydrogenates the mixed liquor containing the acetophenone and styrene 
which carry out a byproduction in the process which carries out acidolysis of the sec-butylbenzene 
hydroperoxide oxidized and obtained in sec-butylbenzene, and obtains a phenol and a methyl ethyl 
ketone under existence of the catalyst containing copper and chromium, and relates to the 
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hydrogenation approach of changing an acetophenone and styrene into ethylbenzene and 
sec-butylbenzene, respectively. 

[0006] Hereafter, it explains to a detail. The method of carrying out acidolysis of the sec-butylbenzene 
hydroperoxide oxidized and obtained in sec-butylbenzene, and obtaining a phenol and a methyl ethyl 
ketone is enforced according to a concentration process, a decomposition process, and a separation 
process an acid chemically-modified [ of a degree ] degree. 

[0007] An acid chemically-modified degree is a process which obtains the oxidation reaction liquid 
which oxidizes sec-butylbenzene and uses sec-butylbenzene hydroperoxide as a principal component, 
for example, is the sec-butylbenzene of a liquid The temperature of 90-150 degrees C, and 1- Let 
10kg/cm2 be sec-butylbenzene hydroperoxide by making oxygen content gas contact under the 
pressure of G. In the oxidation reaction liquid obtained here, alcohols, such as an acetophenone which 
is a by-product besides target sec-butylbenzene hydroperoxide and unreacted sec-butylbenzene, and 
2-phenyl-2-butanol, are contained. 

[0008] A concentration process is a process which condenses oxidation reaction liquid by distillation, 
obtains the bottom which uses sec-butylbenzene hydroperoxide as a principal component from the 
bottom section, and obtains the distillate which uses sec-butylbenzene as a principal component from 
the overhead section. 

[0009] A decomposition process is a process which decomposes sec-butylbenzene hydroperoxide into 
a phenol and a methyl ethyl ketone by contacting the bottom of a concentration process to an acid 
catalyst, and a sulfuric acid, a sulfuric anhydride, perchloric acid, a phosphoric acid, etc. are used as an 
acid catalyst. In the decomposition liquid obtained here, the styrene generated by the dehydration of 
alcohols, such as the target phenol, the aforementioned acetophenone besides a methyl ethyl ketone, 
and 2-phenyl-2-butanol, is contained. Styrene is alpha-ethyl styrene and alpha, and beta-dimethyl 
styrene here. 

[0010] A separation process is a process which obtains the fraction which gives the decomposition 
liquid obtained at the decomposition process to separation actuation of distillation etc., and is mainly 
concerned with a phenol and a methyl ethyl ketone, and the fraction which is mainly concerned with an 
acetophenone and styrene in a list. The liquid which this invention makes the object of hydrogenation is 
a fraction containing this acetophenone and styrene. 

[001 1] Hydrogenation of this invention is performed to the bottom of existence of the catalyst 
containing copper and chromium. As this catalyst, the multiple oxide which consists of the so-called 
copper oxide and the chrome oxide of a copper chromite system can use it suitably. Moreover, the 
oxide of elements, such as alkaline earth metal, manganese, zinc, and silicon, may be contained in 
addition to copper and chromium. In addition, a catalyst precedes usually presenting a reaction and 
prereduction is carried out at the temperature of 100-300 degrees C under a hydrogen content gas air 
current. By hydrogenating using the catalyst of this invention, the hydrogenation reaction of the 
benzene nucleus which is side reaction can be controlled, generation of the ethylcyclohexane which is 
the by-product which is not desirable can be controlled poorly, and generation of a compound with 
inadequate hydrogenation like the methylbenzyl alcohol which is the by-product which is not still more 
desirable can also be controlled poorly. Since these by-products are compounds with very difficult 
separation with the ethylbenzene and sec-butylbenzene which are the specified substance, generation of 
this by-product brings about raw material loss and the purity fall of the specified substance. 
[0012] Hydrogenation of this invention can be carried out by the gaseous phase or the liquid phase, 
and may be performed by any of a batch process or a flow method. Although the hydrogen used for a 
reaction may use a pure thing, it may dilute nitrogen, methane, etc. with inactive gas for a reaction. 
[0013] Since use of the hydrogen of the excessive amount to which the amount of hydrogen required 
for hydrogenation of this invention exceeds the amount of stoichiometrics although a mol is needed by 
the stoichiometry top 1 time to the styrene in 2 double mol and a raw material to the acetophenone in a 
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raw material brings a hydrogenation reaction rate forward and raises the yield of the purpose 
compound, it is desirable. However, use of the hydrogen of an overlarge becomes disadvantageous 
from the point of hydrogen cost. When reacting by the continuation circulation formula from this 
viewpoint, as a mole ratio of supply hydrogen to a raw material, the range of an one to 10 time mol is 
usually desirable to the acetophenone in a raw material, and the sum total of styrene. the one where 
reaction pressure is higher ~ a rate of reaction - quick - becoming - usually ~ 0-100 kg/cm2 G (gage 
pressure) - 5-50kg/cm2 is G more preferably. 150-350 degrees C is desirable still more desirable, and 
the range of reaction temperature is 200-300 degrees C. It expresses with liquid space velocity (per 11. 
of catalysts, the amount 1 of feeding per hour), and the range of the feeding rate in the case of reacting 
with a flow method is 0. l-10h-l, and it is usually 0.5-5h-l more preferably. On the other hand, the 
amount of the catalyst used in the case of reacting by the batch process is usually 0. 1 - 20 % of the 
weight more preferably 0.01 to 100% of the weight to a raw material. Although especially a limit does 
not have the reaction time of a batch process, it is usually the range of 0. 1 - 100 hours. 
[0014] About the mixed liquor containing the acetophenone and styrene which are used as a raw 
material of hydrogenation of this invention, although it is as aforementioned, in this invention, the 
mixed liquor containing a phenol besides an acetone and styrene and/or a methyl ethyl ketone can also 
be used. That is, although a phenol and/or a methyl ethyl ketone may mix an acetophenone and styrene 
into the fraction with which it is mainly concerned depending on the operating condition of a 
separation process, in this invention, this mixed liquor can also be processed effectively. That is, when 
this mixed liquor is hydrogenated by the approach of this invention, since most of phenols which are a 
useful component, and methyl ethyl ketones are held without receiving change, this phenol and the 
methyl ethyl ketone can be separated and used effectively. This is one of the descriptions which was 
excellent in this invention. In addition, the phenol in mixed liquor and the amount of a methyl ethyl 
ketone are usually 0.01-1 % of the weight of phenols, and about 0.01 - 1 % of the weight of methyl 
ethyl ketones. Furthermore, things to contain, such as hydrocarbons of saturation or partial saturation, 
alcohols, ketones, and ether, can also be used as a raw material for hydrogenation of this invention in 
addition to the above-mentioned compound. 

[0015] In addition, separation means, such as distillation, can separate and recover the ethylbenzene 
which is the useful component obtained by this invention, sec-butylbenzene, a methyl ethyl ketone, and 
a phenol. 
[0016] 

[Example] Hereafter, although an example explains in more detail per this invention, this inventions are 
not these things limited to seeing. 

To the tubular reactor made from stainless steel (bore 20mmphi) filled up with 60ml (CuO 38.0 % of 
the weight, Cr2 03 36.8 % of the weight, Mn02 1.8 % of the weight, Si02 10.0 % of the weight) of 
copper chromite catalysts broken in the 1 10-32 meshes of examples, it hydrogenated by circulating 
reaction raw material liquid and hydrogen continuously. In addition, residue after removing most of 
phenol fractions and methyl-ethyl-ketone fractions from the reaction mixture which obtained by 
performing air oxidation of sec-butylbenzene, concentration, and sulfuric-acid acidolysis as reaction 
raw material liquid by distillation was used. The presentations of this reaction raw material liquid were 
0.45 % of the weight of methyl ethyl ketones, 0.12 % of the weight of phenols, and 2.76 % of the 
weight of others 71.09 % of the weight of sec-butylbenzenes, 21.73 % of the weight of acetophenones, 
and 3.85 (alpha and beta-dimethyl styrene +alpha-ethyl styrene)% of the weight (it considers as raw 
material liquid A.). In addition, the catalyst performed prereduction below 200 degrees C under 
hydrogen / nitrogen mixed-gas air current in advance of the reaction. A hydrogenation reaction is the 
mole ratio 1.8 of hydrogen to the sum total of acetophenone [ in raw material liquid J, .alpha,, and 
beta-dimethyl styrene, and alpha-ethyl styrene, and LHSV. It considered as G and the reaction 
temperature of 220 degrees C lh - 1 and reaction pressure of 15kg/cm2. The reaction results in a 
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stationary ordinary state were shown in Table 1. 

[0017] The same reaction as an example 1 was performed except having changed two to example 3 
reaction pressure, or reaction temperature. A result is shown in Table 1 . 

[0018] As example 4 raw-material liquid 69.84 % of the weight of sec-butylbenzenes, 22.64 % of the 
weight of acetophenones, (alpha and beta-dimethyl styrene +alpha-ethyl styrene) 4.99 % of the weight, 

0. 18 % of the weight of methyl ethyl ketones, 0.81 % of the weight of phenols, the thing of 1.54 % of 
the weight of others (it considers as raw material liquid B.) using ~ as a catalyst — a copper chromite 
(CuO 36.7 % of the weight and Cr 203 - 44.8% of the weight) It carried out like the example 1 
except having set the mole ratio of hydrogen to the sum total of acetophenone [ in raw material liquid 

1, alpha, and beta-dimethyl styrene, and alpha-ethyl styrene to 2.0, and having made reaction 
temperature into 240 degrees C using Mn02 3.7 % of the weight. The result was shown in Table 1. 
[0019] It carried out like the example 4 except having used the copper chromite (CuO 39.2 % of the 
weight, Cr2 03 41.6 % of the weight, Mn02 1.7 % of the weight, BaO 1.7 % of the weight) as 
example 5 catalyst. The result was shown in Table 1. 

[0020] It carried out like the example 1 except having set LHSV to 2h-l and having made reaction 
temperature into 180 degrees C, using stabilization nickel (about 50-% of the weight nickel-diatom 
earth) as example of comparison 1 catalyst. The result was shown in Table 1. 

[0021] It is 0.5-% of the weight Pd-aluminum 203 as example of comparison 2 catalyst. It carried out 
like the example 1 except having used, having set LHSV to 2h-l and having made reaction temperature 
into 180 degrees C. The result was shown in Table 1. 

[0022] A result shows the following thing. All the examples by this invention show the result which 
should be satisfied in all reaction results items. The examples 1 and 2 of a comparison using the 
catalyst non-according to this invention on the other hand are dissatisfied the following point. The 
example 1 of a comparison has each of an ACP (acetophenone) invert ratio, DSM (alpha and 
beta-dimethyl styrene +alpha-ethyl styrene) invert ratios, EB (ethylbenzene) selectivity, and low PNL 
(phenol) recovery, and is high. [ of MBA (methylbenzyl alcohol) selectivity and ECH 
(ethylcyclohexane) selectivity ] That is, the hydrogenation reaction of acetophenone, alpha, and 
beta-dimethyl styrene and alpha-ethyl styrene does not fully advance, but the selectivity to the 
ethylbenzene which is the specified substance is low, and loss of the phenol which is a product 
compound is [ there is much generation of the methylbenzyl alcohol and ethylcyclohexane which are 
the by-product which is not desirable, and ] large. Moreover, although the example 2 of a comparison 
is excellent in an ACP invert ratio, it is inferior to other results. 
[0023] 
[Table 1] 

A fruit ** An example The example of a comparison 1 2 3 4 5 1 Two 

reaction conditions Raw material liquid *1 AAABBAA Catalyst *2 Cu-Cr-1 Cu-Cr-1 Cu-Cr-1 
Cu-Cr-2 Cu-Cr-3 nickel-SiO Pd-AlO H 2/(ACP+DSM) Supply mole-ratio *3 1.8 1.8 1.8 2.0 2.0 1.8 
1.8 LHSV h-1 *4 1 1 1 1 1 2 2 reaction-pressure kg/cm 2G1515 30 15 15 15 15 Reaction temperature 
** 220 240 220 240 240 180 180 reaction results ACP Invert ratio %*5 98.099.4 98,8 98.6 93.3 87.4 
95.7 Selectivity % *6 EB 98.0 99.5 97.1 98.8 96.5 82.4 87.8 MBA2.0 0.5 2.9 1.2 3.5 11.4 9.9 ECH 0 
00006.22.3 DSM invert ratio % *7 93.3 98.2 95.5 94.4 100 87.1 89.7 Recovery % *8 MEK > 80 > 

80 > 80 > 80 > 80 > 80 > 80 PNL 71 40 57 75 94 21 7 [0024] *1 71.09 

% of the weight of raw material liquid A: sec-butylbenzenes, 21.73 % of the weight of acetophenones, 
3.85 (alpha and beta-dimethyl styrene -falpha-ethyl styrene) % of the weight, 0.45 % of the weight of 
methyl ethyl ketones, 0. 12 % of the weight of phenols, 69.84 % of the weight of 2.76 % of the weight 
B :sec-butylbenzqnes of others,22. 64 % of -the weight of acetophenones, 4.99 (alpha and beta-dimethyl 
styrene +alpha-ethyl styrene) % of the weight, 0. 18 % of the weight of methyl ethyl ketones, 0.81 % of 
the weight of phenols, 1.54 % of the weight of others [0025] *2 Catalyst Cu-Cr -1 : copper chromite 
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catalyst (CuO 38.0 % of the weight, Cr2 03 36.8 % of the weight, Mn02 1.8 % of the weight, Si02 
10.0% of the weight) 

Cu-Cr -2: Copper chromite (MnO[ CuO 36.7 % of the weight, Cr2 03 44.8 % of the weight, and ]2 
3.7 % of the weight nickel-SiO: stabilization nickel (about 50-% of the weight nickel-diatom earth)) 
Pd-AlO: 0.5-% of the weight Pd-aluminum 203*3 ACP, DSMACP: Acetophenone DSM:alpha, 
beta-dimethyl styrene +alpha-ethyl styrene *4 LHSV: Superficial velocity *5 ACP invert ratio = ACP 
which reacted / ACPxlOO which were supplied [0026] *6 selectivity EB selectivity = - generated EB 
(mol) / ACP(mol) xlOOMBA selectivity = which reacted - generated MBA (mol) / ACP(mol) 
xlOOECH selectivity = which reacted - generated ECH (mol) / ACP(mol) xl00*7 which reacted DSM 
invert ratio = — DSM which reacted / DSMxl00*8 which were supplied recovery MEK recovery = - 
MEK(mol) xlOOPNL recovery [ in MEK (mol) / raw material liquid in generation liquid ] = - 
PNL(mol) x 100 in PNL (mol) / raw material liquid in generation liquid [0027] 
[Effect of the Invention] sec-butylbenzene is oxidized by this invention as explained above. By 
hydrogenating the mixed liquor containing the acetophenone and styrene which carry out a 
byproduction in the process which carries out acidolysis of the sec-butylbenzene hydroperoxide 
obtained, and obtains a phenol and a methyl ethyl ketone It is the approach of changing and using an 
acetophenone and styrene effectively for ethylbenzene and sec-butylbenzene, respectively. The 
hydrogenation approach with little [ the invert ratio of an acetophenone and styrene is high, and the 
selectivity to target ethylbenzene and sec-butylbenzene is high, and ] loss of the phenol and methyl 
ethyl ketone which are the useftil component which moreover lives together was able to be offered. 



[Translation done.] 
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